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‘ An investigation of a -2—O_scale dynamically similar model of the
S 'Boeing Stratocruiser airplane (C—97) was made to determine the ditching,
o characteristics and proper technique for ditching the: airplane. Scale~ .
. strength bottcm.s were used to- determine probable damage to the fuselage S
) ,"‘and the"‘ffect of damage on behavior : o . . S

SR The behavior of the model vas determined from visual observations s
< »'motion—picture ‘Trecords; , and time~history deceleration records.‘ Data
'_'are presented in a table, photographs > and curves."_ :

R It was concluded that the airplane should be ditched at a medium
nose—high landing attitude (mear 6°) with landing flaps: full down. The ‘
“‘airplane .will probably make & esmooth'run of medium depth with light
"spray and may even trim up slightly in the water. The. fuselage will
" probably be demaged and ‘the lower canpartment filled with water. In
.- .calm water, the maximum longitudinal deceleration will be about hg and
the ]_anding run will be about four fuselage lengths. S :

mmx L

I At the request of the Civil Aeronautics Administration, an investi—

"‘"""'”’;"“'gation"‘fofva model--of -the. Boeing.Stratocruiser airplane was made to.
detemine the probable ditching. characteristics ‘and proper” technique
for- ditching the airplane. The.model was designed so that either a
relatively rigid or an approximately scale—strength bottam half of the




"‘_length Of 5.52 feet, and a gross welght of 16

:fuselage could 'be used. ‘ The tests were made in calm water at the
.langley tank no. 2 monorail. A three—view drawing oi’ the airplane is:

shown in figu.re 1.
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The —o—scale model had a ving span of‘- .06 feet, a fuse.‘lage
La‘ilnounds. " Photographs

-~ of the model are -shown’in figure 2. The model was congtructed prin—

’ cipzatll;,r of ‘balsa wood with spruce or mahogany at‘ axe

- of inerti

. “thread bwas ‘fastened between a wing bracket ‘and ‘& corresponding flap
- bracket.so that loads on ‘the flaps greater than “the scale“design load

stress.: Internal ‘ba.‘Llast was. used to’ obtain gcale: weﬂ ght and mcments

The: landing_flaps were installed. so that *the oo eheld in |

&n
A calibrated.

: '."would cause the thread to break and the flaps to be free o 'rortate. :

The model was constructed so tha.‘b 'the bottcm half Of‘ the fuselage o
(below the crease 1ine) could be ‘replaced by sectioms” of various -

strengths.‘ Both relatively rigid and approximately scale—etrength

Bections were. employed: - The relatively rigid sections simulated a

“ ’,no-damage candition. The ultimate strength of the bottam of the -

" Fuselags vas not ‘known; therefore, bottam sections of two-different

d:. ‘The. scale—strength bottams were : designed

‘acale strengths ‘Were: use

and tested to- fail under uniform.ly distributed loads of 8 and 16 pounds_,v‘ o

fullvscale). These strength values encampass those

" of similar camnercial -‘tra.nsport airplanes previously tested and the '~
) strength required for internal pressurization of. this airplane.. The -
- .Ascale—strength sections wéere used t0 determine the amount of de.mage

~that would occur in & ditching and the effect ‘of. demage on behavior

" The scale—strength bottams were made of ‘balsa’ stringers,’ cardboard -
... bulkheads; and 0.00l-inch aliminum foll skin. 'One of these bottans o
- 1s shown' installed on the model in figure 3. Failure of the main s

hnding—gea.r doors was simu]ated by removing them. :
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Test Methods -and Equipment
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The test methods and equipment used were simi]ar to those ‘used in

previous ditching investigations. The model was. attached to a launching

“of concentrated -




o observations s motion-—picture records, and. time—history decele

‘accelerameter located in: the model slightly forward of the center ‘of

i :criti,_ l damping 'I‘he accuracy with which the instrumant could 6
[_,~__'>_read was estimated a.t about +—g° Con o AT

the tests"*
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' 'ca.rriage on the Iangley ta.nk no.. 2 monora.il at the desired. l.anding N
;a:btitude with the control surfaces set to ‘hold 'bhis attitude Ao flight.
. The model was then catapulted into the air and the preset control
. ‘surfaces kept~ the model -at approximately the desire@a ampud ',d.uring
: the glid.e from relea.se to’ landing ' o

The results of ’che 1nvestiga.tion were ¢ pjbained. from visua;

records. 'The decelerations were measu.red with a single—canponent

gra.vity of the model The natiral frequen y.-’of the acceleranete;
wag. 20 -¢ycles per. second’ and -1t was damped to about 65 percent of the:

L,

o ‘ALl value given refer to the full—scale

‘ :‘Groas weigh_ :

A grOS»s':'lweight o:E‘ 130 000 pounds was simulated 1n F

Location of" the' center ‘of gravi'l;y.— The cen’cer of gravity vag

S located at. 25 percen’c of: the mean aerodyna.mic chord and 9 inches above o
; ' -thethrustl S

1ne‘ !Lof the inboard engines.,
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v Fuselage conditions.— The model vas tested in the following DRI
orge, conditians-" | " S
(a) No damage

(b) Scale-strength bottan installed and main landing—gear doors “ _
removed. o ‘ ‘ .

“ RESULIS AND p;scussfou :

: ‘A sumary of ‘the results of the investigation 18 presented in
table I._. The symbols used. in th.e table are. defined as follows' S

oy © " ran deeply —a run in which the model traveled through the o
L " water partially submerged showing a tendency to- dive e
although the attitude remained near level. o

.'h - _ran smoothly —a run in which there was né apparent oscillation o
‘ o  rabout any axis with a settling motion as the forward speed
decreased._. U : R

Cupe porpoised slightlj — the model undulated about the. lateral
s _' . axis with same part always in contact with the’ water.
e .;oscillated - the model oscillated about the’ longitudinal axis. '
o . This mortion decreased as the forward speed decreased. :
u ,.,trimmed up An water — the attitude of the model :anreased
B ';ginnnediate_ after contact with the water.’ R I S

Typical damage sustained by the scale—strength bottoms is shown in
figures % and 5. Figures 6, 7, and 8 present. longitudinal—deceleration L
curves as influenced By damage 2 flap settings, and landing attitude.
Figure T also presents attitude; » horizontal-displacement, and vertical—
displacement curves. - Sequence photOgraphs of ditchings at various '
, attitudes are shown in figure 9 . . . . _

Effect of Damage

, The curvature of the aft portion of the fuselage bottom (see
figs. 1and 2(b)) caused a suction force in that area on the undamaged ,
yem Aagmm%el;g" LIhig force pulled the horizontal tail under water and sub,jected
: 1t to ‘considerable damage. Howe’%ez‘-‘i““thfs“ danage bAd 11ttle effect on
behavior of +the model: . The model always trimmed up upon landing and

S made a run of about k to 7 fuselage lengths depending on the landing
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ofes speed. (See 'bable T and. fig 7 ) The maximum decelerations recorded
‘::: 'were 2g: with ‘flaps down end 3g. wi'bh i‘laps ups- R ,
Seett When the ‘model was tested with a scale—s'brength bottcxn, same
:‘f,.: ’ _damage always occurred. Generally, bottam damage caused the landing
® = runs to0 be shorter and the decelerations to be greater than for-

. g&imilar conditions without damage, and the tendency of the model to. .
" “trim up in the water. wes reduced when bottoam damage occurred.” (See -
. table I and fig. 7.) “The landing runs in calm water were between 3
. and" 4 fuselage lengths with maximim -decelerations of about. hg when -
~ damage occurred. Generally, ‘the-model made' smooth rms at a’ medi I
_depth. in the water. -(See fig. 7.) As can bé seen in figurew9; ‘ths
. gpray was light in 'bhese ditchings: - ‘There wag not a great deal of
- difference in the amount of demage occurring on the 8— and l6-pound—
' jper—square-inch bottans (See figs )+ and 5 ) T '

airplane will probabl,}r be damaged and - the lower canpartment filled

- with'water. Passengers and crew should, 1P possible, be assigned

" stations: _.in'the upper: ccmpartment prior ‘o ditching ‘The buoyancy o
SRPR ..provided by the low wing should cause this airplane to float fairly L
"'Cf-,high in the- water.- Lo L T

“{_ Effect of Flapl

e Tl When the model was tested wi'bh full-down flaps - 'bhe i‘laps failed
'.‘?_,-;consistently -and had:no detrimental effect on behavior.  Since full—
‘down flaps make possible a substantial.decrease in: forward Bpeed., .

“thu “‘l""'se ing, the possibility*‘of“ xcessive dama.ge, 1t "i_s best that

of landingfattitude was most apparent in the’ amount ofﬁ -
) t _‘ “(See figs: W and 5.) "The = =
titvude s probably because of the

The ‘tests: indicated very 1ittle difference 1n
O and" 9 - :'att itude
: nose—hig o] itude (near 6 ) Vould

damage o0CurTed 1n the 3o landings, a low attituaeﬂff?5~f~*
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eove ' . ' B .
B ’ 1
ke e Fram the results .of an investigation of a 558 scale dynamically
® & .
. % ,similar model of the Boaing Stratocruiser airplane (C—97) the following :
S conclusions may be d:rawn. o , .
1. The airplane should be ditched at & medium nose—high landi_ng
'attitude (near 6°) with .flaps full down ,
2. The alrplane will probably make a smooth run of medium depth
: with light spray and’ may even trim up sligh‘bly in the water.. T
3 The fuselage will probably be da.maged and the lower ccmpartment
: »Afilled. with water.‘ : 3 - . ;
' When the . airplane is ditched as reccmmended, the mximum :
longitudinal deceleration in calm water will be about hg and the landing )
' run will be a.bout four fuselage lengths. RN . :
‘ ‘,Iangley Aeronautical Iaboratox'y -
National Advisory Camittee. for Aeronautics
Langley Alr Force Base, Va. -
t yd Fisher
Aeronautical Research Scientist ‘
© John O. Windham
Aeronautical Engine_er_
" Approved:
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A -%—SCAIE MODEL OF TB.E BOEING STRATOCRUISIB AJRPIANE ’
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ran deeply
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.oscillated about lmgitudiml ax.is
trimmed up in water

- 'QTI6IS WI VOVN -




T vhon AR S e =i 2

e — 110t Y,00m ———

R F‘igu:e'l;;mi?éfv'iéﬁ‘drfagwing of thg Boéing Stra.tocruise»i"jairplane.
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~ (v) S1de view.

. Figure 2.~ oowﬁbﬂmm._. H

 9TI6TS WE VOUN




(¢) Three-quarter bottom view.

Figure 2.- Concluded.

9TI6TIS WY VOVN



Figure 3.- Model with scale-strength bottom 1nstalled.
' strength bottom. '

'Insert ghows structure of scale-
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(a) 9° attitude. U (b) 6° attitude. ff - (c) 3° attitude. ol
o e L-6212u
'Figure h.- Damage sustained by 8. bottom scale- strength of. 8 pounds per squa.re inch - (full sca.le) at
, . va.rious la.nding a.ttitudes with flaps full down.. :
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(a) 9° attitude. . (b) 6° attitude. - ', (c) 3° attitude: e

L- 62125
Figure 5.- Damage susta,ined by a bottom acale strength of l6 pounds per- square 1nch (full se'_j‘,_:e) at
' : various landing attitudes with flaps full down. »

9TI6TS WY VOUN




NACA RM SL9I16

u‘”I'.,onvgitﬁdi'hglfdecé_leraj.t.ipn,”. g

Time, sec

(a)fﬁd'aimulafed-ddmégeaf

: ~(b) Scale-strength.bottam (8 psi) installed and main
. T 1anding-gear doors removed.

.:'\-7

.‘ifi Vl( "‘1 B | [ ] - 1 . -
p) 3“ ‘.wgtih ; - 5. N ‘_‘ 611

”tﬁf:Time;,Sec“

e ;___- ~;-~;°-u-vvvam \av yu;, iusLulied ana m51n
landing-gear doors removed." '



- NACA RM SL9I16

No similated damage. g

tz T | U e —— Scale-strength bottom (8 psi)
e e T T e e s inetalled . and madn landing-gear ..

[ 3 .
- o doors removed.

LBOVPas 22T e

» : — = —— Scale-strength bottom (16 pai)
A . installed and main lnnding-gear
. .. . doors removed.

o

Longitudinal
deceleration, g

Attitude, deg .

displacement, £t - U

i Vertical displacement o
¢-of cgs, in. above water

L F
b
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- (a) o stmlsted damse:

Time ‘sec

- Longitudinal deéelera'tion, g

(b) Scale-strength bottom (8 psi) installed and main
landing-gear doors removed.»_;‘ . .

Time;, sec
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(c) Sca.le strength bottom (16 psi) installed a.nd main
1anding-gear doors removed. ,

} Figure 8.- Longitudinal deceleration curves landing axtitude is 3 ; flaps
are full down; landing speed is 126 miles per hour.‘ (All values are

: full scale.)
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(a) Landing attitude 9°.
1-62126
Figure 9.- Sequence photographs with 16 pounds per square inch scale-
strength bottoms installed and flaps full down. (All values are
full scale.) Distances after contact indicated.
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1158 feet

(b) Landing attitude 6°. L-m62127

Figure 9.- Continued.
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L76 feet

NACA
(c) Landing attitude 3°. 1,-85158

Figure 9.- Concluded.
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